The paper examines the gender wage gap in Italy during the 2008-2012 economic crisis, using cross-sectional EU-SILC data. The gender wage gap increased from 4% in 2008 to 8% in 2012, while for most European countries the gap decreased over the same period. After 2010 the growth of the Italian gender wage gap (and its unexplained component) was particularly high in the upper part of the wage distribution. In 2010-2011 a wage freeze in the public sector was introduced as an austerity measure, and the average public sector premium dropped from 15% to 11%. Using counterfactual analyses, we show that the wage freeze has been one of the major causes of the growth of the gender wage gap, disproportionately affecting women, who are more likely to be employed in the public sector. This 'policy effect' accounts for more than 100% of the increase between 2009 and 2011, while other changes, if anything, would have reduced the gender gap.
Introduction
The gender wage gap (GWG) in Italy is lower than in other European countries. The unadjusted gender wage gap was 7.3% in 2013, while the European average was 16.4% (Eurostat, 2015) . Furthermore, some studies suggest that the impact of the current economic crisis has been less serious for women than for men. In the US, men experienced higher probabilities to lose their jobs and higher unemployment rates than women (Sierminska and Takhtamanova, 2011) . In Europe, Bettio et al. (2013) show that men in countries with a high level of gender segregation had higher levels of employment losses than women. In addition, they find that the gender pay gap decreased for most European countries. In Italy, the unemployment rate is still higher for women (13.8% in 2014) than for men (11.9% in 2014), but the difference has decreased since 2008 (Istat, 2015) . The gender pay gap increased during the economic crisis of 2008-2012. Despite the increased monitoring of the gender wage gap by the European Union and by international organizations (e.g. Eurostat, 2015) , economic research on the gender pay gap in Italy has been relatively scarce, although increasing in recent years. Some studies compare the Italian gender pay gap with other European countries (Olivetti and Petrongolo, 2008; Nicodemo, 2009; Christofides et al., 2013) , others link the gender pay gap to educational attainment (Addabbo and Favaro, 2011; Mussida and Picchio, 2014a) , showing that the gender wage gap is larger among people with low education, while Del Bono and Vuri (2011) analyse how gender differences in job mobility affect the gender wage gap. Mussida and Picchio (2014b) compare the gender wage gap in Italy in the mid-1990s and in the mid-2000s. They show that over time the gender gap is pretty stable, but the underlying components change: while women's qualifications would have reduced the gap, the changes in returns increased it, in particular at the top part of the distribution. To the best of our knowledge, there are no studies about the GWG during the recession. However, the economic crisis could affect the GWG through changes in the labour market and austerity measures.
In this paper, we study the gender earnings gap in Italy and its change during the 2008-2012 economic crisis utilising the European Union Statistics on Income and Living Conditions (EU-SILC) from 2004 until 2012. Figure 1 shows that the unadjusted gender gap in hourly wages has been decreasing from 9% in 2004 9% in to 4% in 2008 9% in . However, since 2008 , the gender wage gap increased steadily, and in 2012 it was almost back at the level of 2004 (8.1%) 1 .
1
Estimations of the GWG from EU-SILC data are not exactly comparable with those provided by Eurostat (2015) , because the latter are based on the Structure of earnings survey (SES) methodology (see In order to analyse the gender pay gap in more detail, we first apply the Oaxaca-Blinder methodology, which decomposes the gender pay gap into an explained component (due to gender differences in characteristics) and a residual unexplained component. We also take into account self-selection in participation. Then we apply a quantile decomposition to analyse the gap along the wage distribution. We show that the GWG is completely unexplained by observed characteristics and that, after 2010, the GWG is particularly high in the upper part of the wage distribution.
Next, we utilise counterfactual analyses to study the effect of the wage freeze in the public sector (a large employer of women). In Italy, public sector wages were frozen in 2010-2011, due to an austerity measure to reduce the public debt: consequently, the average public sector premium significantly dropped from 15% in 2010 to 11% in 2011, with an even more pronounced drop for women. The counterfactual analyses show the public sector wage freeze contributed to the increase in the gender wage gap. Finally, we analyse some of the changes within the public sector looking at the different effects of the austerity measures on different sub-sectors (education in particular).
The fact that in Italy the gender effects of austerity measures have been overlooked is consistent with the absence of gender mainstreaming in evaluating economic policies (Villa and Smith, 2010) . In addition, Italy has a long history of gender disadvantages. The female participation rate was only 54% in 2014, still very low with respect to other European countries (Istat, 2015) , and is one of the causes of the low gender pay gap, because of the positive self-selection of women into the labour force (Olivetti and Petrongolo, 2008) . Among OECD countries, Italy has the highest gender gap in leisure time: Italian men enjoy 80 minutes more of leisure time per day than Italian women (OECD, 2009) . In fact, Italian women perform 76.2% of domestic and care work (Istat, 2010) 2 .
The rest of the paper is organized as follows: section 2 discusses the details of the public sector wage freeze. Section 3 describes the dataset and provides some descriptive statistics. Section 4 illustrates the trend in the gender wage gap in Italy, using both the Oaxaca-Blinder and the quantile decompositions. Section 5 investigates the role of the wage freeze in the public sector on the gender wage gap, while section 6 analyses the changes within the public sector itself. Finally, section 7 concludes.
Austerity measures and the public sector wages
The economic crisis struck Italy at the end of 2008, and again in 2011 with the sovereign debt crisis. Italy adopted different austerity measures in successive waves, many of them devoted to reducing public spending, affecting the public sector employment levels and wages (Bordogna, 2013; Figari and Fiorio, 2015) .
From 2010, three main types of provisions were enforced (Bordogna and Neri, 2012) : cuts in the number of public employees through very tight replacement ratios; reform of the pension system (both for private and public employees); and measures to limit the wages of public employees. The latter consisted in a freeze of the 2010-2012 base wage bargaining round at national level. Collective negotiations at national level were abolished by the decree law n.78/2010 (law 122/2010, into force since January 2011). In addition, the abovementioned law forbids individual wages to exceed the level of 2010, also preventing wages' increases due to career promotions, with the partial exception of the component linked to merit or performance pay. Later these measures were extended until the end of 2014.
Financial constraints introduced by the national government meant also, de facto, a freeze in wages negotiations at the local level. Rules were also adopted preventing any salary increase due to seniority or career promotion for non-contractualized personnel (such as prefects, university professors, police and armed forces, judges).
Moreover, according to Bordogna and Neri (2012, p.15 ) 'most of these measures have been unilaterally adopted by the government, without previous negotiations with trade unions and without searching union consent; in some cases, explicitly against trade union protests'.
These measures substantially froze public wages at the level of 2010, without the possibility of recovering the losses at the end of the period, and also with effects on future pension payments. In addition there were wage cuts for higher level salaries, by 5% for those with a yearly gross wage between 90,000e and 150,000e, and by 10% for the part exceeding 150,000e (Bordogna and Neri, 2012; Tronti, 2011) 3 .
Among employees at public schools and universities, automatic seniority wage increases were cancelled (such increases were already abolished in the rest of the public sector at the end of the 90's).
As a result of these measures, public sector real hourly wages decreased on average by 9.1% between 2010 and 2012 4 . Women's hourly wages decreased by 11.5% from 2010 to 2012, while they decreased by 6.2% for men (see Figure 2 ). Gross wages per hour in 2008 real price. The dotted vertical lines refer to the beginning of the economic crisis (2008) and to the implementation of the wage freeze (2011). Source: EU-SILC, own calculations.
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In our data, 99.5% of men earn less than 90,000e per year, and only the 0.03% earn more than 150,000e. 99.9% of women earn less than 90,000e and none earn more than 150,000e. Hence, only a very small percentage of people in our sample is concerned by those cuts. Still, if anything, they should have reduced the gender wage gap, since more men than women have top wages. The change in the composition of the labour force is one of the possible reasons suggested as a cause of the increase in the Italian gender gap (see, for instance, Bettio, 2013) . This change could also lead to some concerns about our estimations. This could happen through the added worker effect or if mainly low-paid men have lost their job during the crisis. Considering the average characteristics of working people (Tables 1 and 2 ), the main differences are the increase in average age (and consequently in experience) and in the level of education. The same patterns are also evident in the total population aged 20-65 (Tables  A.3 and A.4), which means that they mainly reflect the ageing of the population and its increasing education level. However, workers are ageing faster than the general population. In the total population, individuals in 2012 are on average 2 years older than in 2004, while among employed people they are about 3 years older. Nonetheless, both in the total population and among employed people the trend has not changed since 2004. Hence, it seems that older people -both men and women -have been slightly more likely to be employed than younger ones in the past decade, both before and during the economic crisis. Overall, this suggests that, even though a (small) added worker effect took place (Bredtmann et al., 2014; Ghignoni and Verashchagina, 2014) , it has not affected the average characteristics of the stock of working women. Nevertheless, we also present results corrected for self-selection into the labour market.
Similarly, while it is true that at least in the first years of the crisis more men than women lost their jobs (Istat, 2015) , there is no significant change in the composition of the stock of the labour force. Moreover, the distribution of wages for men did not change, as shown in Figure 3 . If anything, the wage distribution changed for women. Between 2008 and 2012, the wages of women in the upper part of the distribution decreased.
Since the average wages were stable for both men and women working in the private sector (Figure 2 ), these women are probably those employed in the public sector, who were disproportionately affected by the wage freeze of 2011. Indeed, more women are employed in the public sector than men (respectively about 35% and 24%). These percentages have been stable over time, even after the wage freeze of 2011, or the aforementioned reduction in hiring (Tables 1 and 2) .
When we consider only people employed in the public sector, the cumulative distribution functions show that wages for high income individuals have been falling between 2008 and 2012 among both men and women (Figure 4 ), but the fall among women was larger.
Descriptive statistics for the public sector are shown in Tables A.5 and A.6. Both men and women are better educated than the total sample, and they are slightly older than average. In 2012, 40% of women had a university degree, against 30% of men. Women are mainly employed in the education sector (42% in 2012), while most men work in public administration and defence (48% in 2012).
4 Long-term changes in the gender wage gap
Oaxaca-Blinder decomposition
To analyse the evolution of the gender wage gap during the economic crisis, we start applying the standard Oaxaca-Blinder decomposition (see Oaxaca, 1973; Blinder, 1973) , which divides the wage gap into an explained component based on observed characteristics and an unexplained residual component.
We first estimate the following linear wage equation, separately for men (m) and women (f ):
where t = 2004, 2005, ..., 2012 and g = {m, f }. The dependent variable is the log hourly wage (W t g ), X t g is the vector of observable characteristics (age, age squared, experience, experience squared, region of residence, marital status, level of education, sector of employment (Nace), position, public sector, part-time job 9 ), β t g are the coefficients to be estimated with OLS and v t g is a stochastic term. In the second part of eq. 1, we isolate the coefficient associated with working in the public sector γ t g (i.e. 'public sector premium'), where P U BLIC is a dummy equal 1 if the person works in the public sector, and Z t g are the remaining controls. One issue that can arise is self-selection. Indeed, it is widely recognized that the gender wage gap in Italy is also affected by the low participation of women in the labour market (Olivetti and Petrongolo, 2008) . Once that is taken into account, the gender wage gap is usually larger. Moreover, during the economic crisis the participation of women may change because of the added worker effect. Some women entered into the labour market to compensate for the job loss of their husbands (Bettio, 2013; Ghignoni and Verashchagina, 2014) . We apply the Heckman-correction to account for self-selection into the labour market (Heckman, 1974) , including the number of children in the selection equation as an exclusion restriction (also controlling for age, region of residence, marital status, and level of education).
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We also controlled for the type of contract (i.e. temporary contracts) in an alternative specification, and the results do not change.
A similar issue should be considered with respect to the public sector (e.g. Depalo et al., 2015) . People may select themselves into the private or the public sector, depending on unobserved characteristics or preferences. However, for the purpose of our paper, we do not correct for self-selection into the two sectors. In our data there is no useful information which may predict such a choice, and which does not affect wages 10 . We rely on the assumption that self-selection in the public sector did not change over the 2008-2012 period, or, at least , that the public sector premium was not affected by individual choices (wages in the public sector are highly regulated). Another issue -which may affect the gender wage gap -is that the characteristics of people losing their job (and in particular men) may not be random. We have shown in the descriptive statistics (section 3) that this last issue is not a problem.
The Oaxaca-Blinder is given by:
The first term refers to differences in characteristics (explained component), while the second term is the so-called unexplained component, due to differences in returns. We use the coefficients for males,β t m , as benchmarks, to have results comparable with the Heckmancorrected ones and with the quantile decomposition 11 .
When we apply the Heckman-correction, we decompose the observed gender wage gap into an explained, an unexplained, and a selection component, following Neuman and Oaxaca (2004) . Table 3 shows the Oaxaca-Blinder decomposition of the gender wage gap for the period 2004-2012. The wage equations are presented in the Appendix (Tables A.8 and A.9) . The gap in Italy is quite small compared to other European countries (Eurostat, 2015) , and observable characteristics indicate that there should be a gap in favour of women. The most common variables used in the literature are if the parents work in the public sector, which is not available in the data, or the number of children, which however we use already to explain participation.
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We also perform the decomposition using coefficients from the pooled regression (including both men and women in the sample, and a dummy for sex among the control variables) orβ t f as the benchmark coefficients. Results are very similar (the unexplained component is usually larger in the last case). Available from the authors upon request.
The explained component is negative: the difference in characteristics between men and women favours women, contributing to the reduction of the gender wage gap. It increases in absolute terms between 2008 and 2009, counterbalancing the increase in the unexplained gap in this period. After 2009, the explained component decreases in absolute terms, contributing to the increase of the total gap. Since the explained gap is equal to the difference in characteristics by the benchmark coefficients, it may change also if the difference in characteristics remains stable, but the coefficients change. This is what could have happened in Italy. Working in the public sector is associated with higher wages (see Tables A .8 and A.9 ) and more women than men are employed in the public sector. The difference in the percentage of men and women who are public sector employees remains stable, but the return decreases in 2011 and in 2012, reducing the explained gap.
The last part of Table 3 presents the results of the decomposition taking into account self-selection (the underlying wage equations are presented in Tables A.10 and A.11). As expected, taking into account self-selection reduces the wage gap: working women in Italy are positively selected. The gap due to differences in characteristics is obviously the same as in the standard Oaxaca-Blinder decomposition. On the other hand, the term due to differences in returns is larger, partially reduced by the explained component and partially by selection. However, the overall trend is very similar to the one in the previous decomposition. Unexplained 0.13*** 0.15*** 0.14*** 0.13*** 0.11*** 0.14*** 0.14*** 0.16*** 0.14*** 
Quantile decomposition
We then apply a quantile decomposition to analyse the changes of the gender pay gap at different points of the wage distribution, following the methodology proposed by Chernozhukov et al. (2013) .
In order to extend the Oaxaca-Blinder procedures to the entire wage distribution, one needs to know the entire male, female, and counterfactual unconditional distribution of wages F W (w), for each quantile τ .
F W m|m represents the actual distribution of wages W for men (unconditional), and F W f |f for women. F W g |X g (w|x) is the conditional distribution of wages given the individual characteristics X g , and F X g (x) represents the distribution of characteristics, with g = {m, f } (male and female respectively).
The counterfactual distribution of interests F W m|f is the unconditional distribution of wages for women if they had faced the wage structure of men 12 :
The above distribution is not observed: it is constructed by integrating the conditional distribution of wages for men (F W m |X m (w|x)) with respect to the distribution of characteristics for women (F X f (x)).
Different approaches have been proposed to estimate the counterfactual distribution. We follow Chernozhukov et al. (2013) , who estimate the conditional distribution of the outcome variable F W |X using a quantile regression 13 (Koenker and Bassett, 1978) :
where
β τ is estimated by minimizing the following expression:
where N is the total number of observations in the sample, and 1(·) is the indicator
12
The non-discriminatory coefficients for the quantile decompositionà la Chernozhukov et al. (2013) are male coefficients; the counterfactual distribution shown in eq. 3 corresponds to the counterfactual X f β m in the standard Oaxaca-Blinder decomposition, where male coefficients are used as benchmark.
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Alternatively, Chernozhukov et al. (2013) suggest to use distribution regression methods.
14 Similarly, the (unconditional) quantile function is defined as the inverse of the distribution function: of
14 function. The covariate distribution is estimated with the empirical distribution function. The estimator for the unconditional counterfactual distribution is obtained by the plug-inrule, integrating the estimator for conditional distribution function (estimated with quantile regression) with respect to an estimator of the covariate distribution function (estimated with the empirical distribution function). Once the counterfactual distribution has been obtained, counterfactual quantiles can be calculated by inverting the estimated distribution function.
Then, the overall difference in wages can be decomposed similarly to the traditional Oaxaca-Blinder decomposition as follows:
The first term is the difference due to the wage structure (or differences in returns) and the second term is the difference due to characteristics. Figure 5 shows the results of the quantile decomposition. It reveals some additional features of the gender wage gap in Italy and its evolution during the crisis. In 2008, the total GWG is decreasing along the wage distribution (from 12% to 2%), with an increase only at the very top. The unexplained component accounts for more than 100%, but it is larger at the bottom of the distribution, indicating the existence of a sticky floor (Christofides et al., 2013) . Both the total gender wage gap and the unexplained component widen in 2010, but their patterns along the wage distribution remain the same as in 2008. The growth of the GWG between 2008 and 2010 concerns all the working population, even though it is slightly larger for the middle and the top of the wage distribution.
In 2012 the gender wage gap has a U-shape, and it is larger at the bottom (11.9%) and at the top of the wage distribution (12.9%). The total gap is even lower than in 2010 until the 60th percentile, but it is much larger for women with wages above that threshold. In 2012, the unexplained component also increased in the upper part of the wage distribution, and has a U-shape, indicating the existence of both a sticky floor and a glass ceiling, which was not present before. Hence, the increase of the gender gap for higher-income women is partially driven by changes in their wage structure relative to men. In addition, from the 20th percentile there is an increase between 2010 and 2012 also in the explained component (i.e. due to differences in characteristics). 
Impact of the wage freeze
We argue that the 2011-2012 increase of the GWG in the quantiles above 60% is a consequence of the wage freeze in the public sector. Figure 2 above shows that hourly wages in the public sector are higher than in the private sector and that wages decreased after 2010.
Looking at the estimates of the wage equations (see Tables A .7, A.8 and A.9 in the Appendix), ceteris paribus, working in the public sector is associated with higher wages: in 2010 wages in the public sector were 15% higher than in the private sector. In particular for women, until 2010, the public sector premium was more than 20%, while for men it was slightly less than 10%. Figure 6 summarizes these parameters for the pooled sample 15 , and for men and women separately.
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Men and women together. The public sector premium decreased from 0.15 in 2010 to 0.11 in 2011 (statistically significant drop) and to 0.09 in 2012
16 . For women, the coefficient associated with working in the public sector decreased from 0.21 to 0.15 (statistically different at 1%) between 2010 and 2011, and for men from 0.10 to 0.07 (not significant). These estimates are robust to the correction for participation into the labour market (Tables A.10 and A.11 show the Heckman-corrected results for women and men separately). We cannot give a causal interpretation of the coefficient associated with being a woman in the pooled regression, or of those associated with the public sector variable, because of the self-selection of men and women into the public or private sector and because we cannot exclude omitted variable bias. However, they indicate that the increase in the gender wage gap was partially driven by the wage freeze. Indeed, being a woman is associated with a reduction in wages of about 10-11%, stable after 2009. On the other hand, there is an important reduction of the premium for working in the public sector in 2011, mainly for women.
Extended Oaxaca-Blinder decomposition
Having observed the discontinuity in the public sector premium, we now turn to analyse if and how it affected the gender wage gap. The law was approved in 2010 and was implemented in January 2011: thus, we compare 2009 (pre-policy period) and 2011 (post-policy period).
We first apply an extension of the Oaxaca-Blinder decomposition, which accounts for changes over time. This methodology estimates how much of the change in the gender wage gap is due to changes in individual characteristics of employed men and women, and how much can be imputed to changes in the wage structures.
The standard Oaxaca-Blinder decomposition, as shown in equation 2, is usually applied to decompose the gender wage gap in a given year between men and women. On the other hand, it can also be used to decompose the change of wages over time for a given group, as follows:
where g = {m, f }, 11 refers to 2011 and 09 to 2009. Since we want to isolate the changes w.r.t. 2009, we consider as benchmark coefficientsβ 09
The changes over time in the gender wage gap can be seen either as the difference among the GWG in 2011 and the GWG in 2009 (∆GW G = GW G 11 − GW G 09 ), or as the difference between changes in male wages and changes in female wages. Considering the second specification, and applying the Oaxaca-Blinder decomposition as in eq. 6, it is possible to estimate how much of the change in the gender wage gap between 2009 and 2011 is due to changes of returns (for men and for women) and how much is due to changes in individual characteristics. We call this decomposition, summarized by the following equation, 'extended Oaxaca-Blinder decomposition': We perform the 'extended Oaxaca-Blinder' decomposition both with and without the Heckman-correction for selection.
The aim of this decomposition is to analyse if there have been significant changes in the distribution of individual characteristics in the period around the wage freeze, which would have affected the gender wage gap. The Oaxaca-Blinder decomposition and the quantile decomposition are useful snapshots for each year, but they rely on the relative changes, exploiting the differences between male and female characteristics and between their returns. On the other hand, from the extended Oaxaca-Blinder decomposition we can isolate the changes over time in the characteristics (returns) of women, of men, and how they sum up.
For both men and women, the decrease in real (log) wages between 2009 and 2011 is entirely due to changes in the wage structures ('∆ returns' in Table 4 ). This is not surprising, considering the descriptive statistics previously shown; indeed, it would take some time to change the average characteristics of the stock of working people. As a consequence, the increase in the gender wage gap of about 1% (from 6% to 7%) can be entirely attributed to the changes in the wage structures of both men and women. Taking into account selection yields very similar results. 
Counterfactual analysis
The previous decomposition isolates the changes in the wage structure from those in the individual characteristics, but it is not informative about the effect of the policy itself.
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An additional step, to evaluate the direct impact of the wage freeze, is to estimate the counterfactual wages for men and female as if the wage freeze had never happen.
The gender wage gap at time t is:
We focus only on t = {2009, 2011}. We can estimate two counterfactual gender wage gaps. The first one is the counterfactual gender wage gap in 2009, as if the public premium was the one of 2011, i.e. nothing else changed, only the return for working in the public sector:
GW G 
GW G 11,γ 09 is the counterfactual gender wage gap that we would have observed with the distribution of characteristics Z of 2011, return to characteristics of 2011 (wage structure), distribution of people into the public and private sector of 2011, and public premium γ g of 2009 (i.e. in the absence of the wage freeze).
Given these counterfactuals, we can decompose the change in the gender wage gap between 2009 and 2011 in a 'policy effect' and 'other effects'. The 'policy effect' denotes the part of the gender wage gap due to changes in the public sector premium (the wage freeze in public sector). Considering the first counterfactual gender wage gap, the 'policy effect' corresponds to the difference between the actual gender wage gap in 2009 (eq. 8 for 2009) and the counterfactual gender wage gap, where only the public premium has changed (eq. 9). 'Other effects' refer to the change in the gender wage gap due to everything else, i.e. changes in the characteristics and in the coefficients, except the public sector premium. Using the first counterfactual, it corresponds to the difference between actual gender wage gap in 2011 (eq. 8 for 2011) and the counterfactual gender wage gap (eq. 9).
Hence, considering the first counterfactual (from eq. 9), the decomposition is the following:
= (GW G 11,γ 11 − GW G 09,γ 11 ) (other effects (1))
In the following decomposition we employ the second counterfactual (from eq. 10):
Finally, since there is no reason to prefer one decomposition against the other one, we calculate the Shapley decomposition suggested by Shorrocks (2013), and estimate the average policy effect (P ) and the average effect imputed to other changes (O):
This analysis is also replicated taking into account selection. In this case, GW G 09,γ 09 and GW G 11,γ 11 represent the gender wage gaps estimated for 2009 and in 2011 using the predicted wages with Heckman-corrections. Similarly, the corrected coefficients are used to estimate the counterfactual wage gaps in equations 9 and 10. Table 5 and 6 show, respectively, the counterfactual simulation -which allows us to isolate the impact of the wage freeze -and the related decomposition into 'policy effect' and 'other effects'. Tables 5 presents the actual wage gaps in 2009 (6%) and in 2011 (7%), and the estimations of two counterfactuals, constructed as discussed above. GW G 09,γ 11 is the gender wage gap that we would have observed in 2009 if the coefficient associated for working in the public sector was the same of 2011: GW G 09,γ 11 is estimated to be 8% (Table 5) , larger and significantly different (at 1%) from GW G 09,γ 09 , the actual gender wage gap in 2009. Since we keep constant the individual characteristics, the rest of the wage structure, and the proportion of people working in the public sector, the difference of 2% among the two wage gaps is entirely due to the wage freeze (Table 6) .
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The second counterfactual, GW G 11,γ 09 , represents the gender wage gap that we would have measured in 2011 with the public sector premium of 2009,everything else equal to 2011 values. It is estimated at 5.1%, significantly smaller than the actual gender gap in 2011.
Hence, even though the change between 2009 and 2011 is small, it is completely due to the changes in the return to the public sector -which we can interpret as the consequence of the wage freeze introduced by the government, partially compensated by other changes (Table 6 ). Moreover, an increase of 1 percentage point on a gender wage gap of about 6-8% is important, in particular when considering that the increase continued in 2012, and probably in the following years. The last two columns of Table 5 present the gender wage gaps predicted using the Heckman-corrected coefficients. As expected, they are larger then the observed ones, and they increase from 2009 (8.7%) to 2011 (11.5%).
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The Heckman-corrected counterfactual GW G 09,γ 11 (10.6%) is significantly larger than the gender wage gap in 2009, while GW G 11,γ 09 (10.7%) is significantly smaller than the gender wage gap in 2011.
As one could expect, since the estimated public sector premium is the same with and without Heckman correction, the difference due to the policy is the same (2%). However, the total difference is larger when selection is taken into account (2.7%), and 'other changes' also slightly contribute to it (in particular, in this case, they are the changes due to the returns associated with other explanatory variables).
When we estimate the counterfactuals, we make use of the public sector premium in 2009 and in 2011 to isolate the impact of the wage freeze on the gender wage gap. This relies on the assumption that between 2009 and 2011 nothing else changed, which could affect the public sector premium. It seems a realistic assumption since there was no other policy change. The proportion of people working in the public sector did not change and the stock of working people was similar in the two periods. Hence, we can consider that the counterfactual analysis isolates the impact of the wage freeze on the gender wage gap.
On the other hand, we cannot claim that in the absence of such a policy everything else would have been as it is in 2011. The wage freeze was justified as one of the way to reduce public spending and improve the conditions of Italian economy. One could claim that the government could have taken other measures instead of the wage freeze. Plausibly, that would have caused other changes on employment and on the wage structure -no matter if the policy would have been in the direction of cutting public spending (as the wage freeze) or in the opposite direction. We follow here a partial equilibrium approach, as it is usually the case with decomposition and counterfactual methodologies, thus we cannot derive general equilibrium considerations (Fortin et al., 2011) .
Within public sector
In the previous section, we have shown that the gender wage gap increased due to the public sector wage freeze. This increase could be due to the large proportion of women employed in the public sector. If that was the only mechanism in place, we would expect a stable gender wage gap within the public sector.
Thus, as a final contribution, we analyse changes within the public sector. We first compute the gender wage gap separately for the public and the private sector, presented in Figure 7 . The gender wage gap in the public sector is always smaller than in the private one. It decreased in 2006, remained not significantly different from 0 until 2010 and then it increased sharply reaching 5.9% in 2011 and 6.6% in 2012. The GWG within the private sector slightly decreases over time.
Hence, the gender wage gap in the public sector is not stable as one might have expected. Considering the different distribution of men and women in the public sectors (see section 3), we investigate if this gap emerged as a consequence of the sector-specific policy implementation (see section 2). More than 75% of employees in education are women.
Looking at the trend in wages in the different public sectors, we note that in the education sector average hourly wages decreased more than in other sectors (see Figure 8) . Wages decreased by 15.6% in 2011 for women and by 11.7% for men (see Table A .12 in the Appendix). In addition, female wages decreased more than male ones in education, public administration, and health sectors. The sector 'others' is a residual group that we do not compare with the previous mentioned sectors, because it could include heterogeneous categories by gender.
In order to control for other covariates, we estimate three wage equations for men, women, and the pooled sample employed in the public sector. In addition to the usual controls (age, education, region, marital status, experience, position), we control for the following sub-sectors: Public administration and Defence, Education, Health, and Other sectors (see Tables A .13, A.14, and A.15) . Before 2010, working in the (public) education sector had a positive impact on wages compared to other public sectors, especially for women 19 However, the premium dropped from 8% in 2010 to 0% in 2011 and 2012. The decrease is particularly remarkable for women, for whom the coefficient associated with working in education dropped from 11% in 2010 to 1% in 2011. For men, this coefficient decreased from 0% in 2010 to -4% in 2011. Therefore, we can conclude that the abolition of the automatic seniority wage increases in the public education sector (due to the 2010 law) contributed to the increase of the gender wage gap within the public sector. It could be interesting to analyse in details the increase of the gender wage gap in different public sectors, but unfortunately the small number of observations and the type of data do not allow a deeper investigation.
Conclusions
Despite the Italian gender gap being much lower than the European average, and despite some studies showing that the great recession in Italy had a less negative impact on women than on men, the gender pay gap increased from 4% to 8% between 2008 and 2012.
We show that the Italian gender wage gap is completely unexplained by observed characteristics, applying the Oaxaca-Blinder decomposition to EU-SILC data. The quantile decomposition shows two different trends before and after 2010. Between 2008 and 2010, the gender pay gap increased along the entire quantile distribution both in the explained and unexplained components. After 2010, the gender wage gap increased largely among people in the upper part of the wage distribution.
We argue that the 2011-2012 increase of the gender wage gap in the quantiles above 60% is a consequence of the wage freeze in the public sector, introduced as an austerity measure during the economic crisis.
The application of a counterfactual analysis shows that more than 100% (about 70% when we account for selection) of the GWG growth between 2009 and 2011 is due to the wage freeze in the public sector: it reduced the public sector premium and had a disproportionate impact on women.
19
The omitted sector is health and social work.
27
This is not only due to the large proportion of women working in the public sector, but also to the larger wage drop in the public education sector, where about 75% of the employees are women.
We might expect a further increase in the gender wage gap for the period 2012-2015, since the wage freeze has been extended until mid 2015. In June 2015, the Italian Constitutional Court declared that the public sector wage freeze is not legitimate. The decision will affect only the future wage bargaining, but it will not compensate for the previous losses (January 2011 -June 2015 .
Economic policies regarding public sector pay freezes and cuts in the service sector, implemented during this crisis, have serious gender side effects, that have often been disregarded. Similar policies have been introduced also in other European countries (Estonia, Greece, Hungry, Ireland, Latvia, Lithuania, Portugal, Czech Republic, Romania, Spain) (EPSU, 2012) and it would be interesting to estimate their effects comparing short term policies (e.g. wage cuts for one year) with medium term ones (e.g. wage freeze for several years). Possible future developments of this paper, with a larger sample, include a deeper analysis of the changes within the public sector, together with a detailed analysis of the wages within the public education sector. A Appendix a To determine if the individual works in the public or in the private sector, we rely on individuals' replies (while this information is not available in the standard EU-SILC, it is an additional variable provided in the Italian sample). Cross-checking with the Nace classification is entirely reassuring: on average, more than 30% of people in the public sector work in Public administration and defence, about 30% in Education and 20% in Health and social work (See Table A .5 and A.6, respectively for women and for men).
b Both the Nace and the Isco classification changed during the period covered by our paper (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . While the new Nace classification, used since 2009, is very similar to the old one, and we can switch from one to the other one without any problem, this is not the case for the Isco classification. Some major changes where introduced since 2011 and the new classification is not entirely comparable with the old one. To avoid misinterpretation, we control for the position, instead of the type of occupation, which provides similar information.
c With respect to the Nace classification, when considering the full sample we aggregated the different sectors into Agriculture, Manufacture, Construction, Commerce and Services. For the analysis within the public sector, however, we aggregated the same sectors into Public administration and defence, Education, Health and social work, Other sectors. In fact, even though there are people employed in every sub-sector even within the public sector, the percentage of those employed in sectors different than those just listed is too small to perform a good analysis, in particular for women. Women -0.12*** -0.13*** -0.11*** -0.11*** -0.09*** -0.12*** -0.12*** -0.12*** -0.12*** Age sq.
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